Organic geochemical and sedimentological investigations have been performed on sediments from ODP Sites 798 and 799 in order to reconstruct the depositional environment in the Japan Sea through late Cenozoic times. The Miocene to Quaternary sediments from Site 798 (Oki Ridge) and Site 799 (Kita-Yamato Trough) are characterized by high organic carbon contents of up to 6%. The organic matter is mainly a mixture of marine and terrigenous material. The dominant factors controlling marine organic carbon enrichment in the sediments of Hole 798Aare probably an increased surface-water productivity and/or an increased preservation rate of organic carbon under anoxic deep-water conditions. In lower Pliocene sediments at Site 798 and Miocene to Quaternary sediments at Site 799, rapid burial of organic matter in turbidites may have been important, too. Remarkable cycles of dark, laminated sediments distinctly enriched in (marine) organic carbon by up to 5% and light, bioturbated to homogeneous sediments with reduced organic carbon contents indicate dramatic short-term paleoenvironmental variation.
INTRODUCTION
During Ocean Drilling Program (ODP) Leg 128, Sites 798 and 799 ( Fig. 1) were drilled on Oki Ridge and in the Kita-Yamato Trough, respectively (Ingle, Suyehiro, von Breymann, et al., 1990) . The primary objective at Site 798 was to obtain a Miocene to Quaternary carbonate-rich sequence, which would provide a high-resolution paleontologic, isotopic, and sedimentologic record. Of major interest were reconstructions of (1) surface-and intermediate-water history including changes in surface-water productivity, dissolved oxygen content of deep-water masses, and the carbonate compensation depth (CCD), (2) changes from anoxic to oxic conditions known to have occurred during Miocene to Pliocene times (Ingle, 1975; Matoba, 1984) , and (3) faunal and sedimentary responses to the tectonic evolution of the Japan Sea. The main objective at Site 799 was to reconstruct the depositional and tectonic history of the Kita-Yamato Trough as a typical environment for massive sulfide mineralization in a rifted continental-arc setting.
At both Sites 798 and 799, organic-carbon-rich sediments were deposited. Thus, these sites are of major interest for studies of the mechanisms controlling the formation of organic-carbon-rich sediments in a marginal sea environment that occasionally was restricted from the normal open-ocean environment (cf. Ingle, 1975; Matoba, 1984) .
RECENT AND SUBRECENT ENVIRONMENT IN THE JAPAN SEA
The Japan Sea is a semiclosed backarc basin with maximum water depths of about 3600 m (Fig. 2) . It is separated into several major basins by topographic highs, which are continental fragments or tectonic ridges. The ages of formation of these basins were estimated from sediment stratigraphy, basement depth, and heat-flow data to vary between 30 and 10 Ma (Tamaki, 1985 (Tamaki, , 1988 . Connection to the marginal seas to the north and south and to the western Pacific is restricted to the shallow Tsushima Strait (140 m water depth), Tsugaru Strait (130 m), Soya Strait (55 m), and Tartary Strait (15 m) (Fig. 2; Ingle, 1975; Matoba, 1984) .
Modern surface-water circulation in the Japan Sea is dominated by the inflow of warm and highly saline water through the Tsushima Pisciotto, K. A., Ingle, J. C, Jr., von Breymann, M. T., Barron, J., et al., 1992. Proc. ODP, Sci. Results, 127/128, Pt. 1: College Station, TX (Ocean Drilling Program) . Strait (Tsushima Current, a branch of the Kuroshio Current), the inflow of cold water of low salinity from the north (Liman Current), and the outflow of water masses through the Tsugaru Strait and Soya Strait into the western Pacific (Fig. 2) . The modern deep water of the Japan Sea ("Japan Sea Proper Water") forms in the northwestern coastal areas during winter as a result of the cooling and freezing of surface water. The resulting water masses are of higher density and sink to the seafloor (Fig. 2) . This intense thermohaline circulation results in sufficient ventilation of the deep-water sphere; the dissolved oxygen content at all depths exceeds 5 mL/L (Matoba, 1984) . Because of these oxidizing Oceanographic conditions, the organic carbon content of the surface sediments is unusually low (Ingle, 1975) .
The environmental conditions, however, must have changed dramatically during late Pleistocene to Holocene times, as indicated by piston-core data. During glacial intervals (i.e., times of distinctly lowered sea level), the Japan Sea was probably completely isolated from the Pacific Ocean. The expansion and duration of sea ice coverage, loss of exchange with the Pacific Ocean, and sluggish bottom-water circulation may have caused anoxic deep-water conditions that allowed the formation of framboidal pyrite and organic-carbon-rich sediments (Kobayashi and Nomura, 1972; Ujiie and Ichikura, 1973; Ingle, 1975; Oba, 1983; Obaetal., 1991) .
GEOLOGIC SETTING AND SEDIMENTS AT ODP SITES
Site 798 (37.04°N, 134.80° E; water depth, 903 m) is located in the southeastern Japan Sea, about 160 km north of the western coast of Honshu in a small sediment-filled graben on top of Oki Ridge (Fig. 1) . This shallow-water position well above the modern CCD (1500-2200 m; Ujiie and Ichikura, 1973) and on a structurally isolated high was chosen to obtain a carbonate-rich sequence undiluted by coarse-grained gravity-flow sediments common to basinal areas (Ingle, Suyehiro, von Breymann, et al., 1990) . At Site 798, a 517-m-thick pelagic to hemipelagic sediment sequence of early Pliocene to Holocene age was drilled (Ingle, Suyehiro, von Breymann, et al., 1990) . The sediments consist mainly of diatomaceous ooze, diatomaceous clay, silty clay, clay, and siliceous claystone, with foraminifers and calcareous nannofossils common in the upper 220 m of the sequence. This upper part is further characterized by rhythmic changes between dark, laminated, diatom-and organic-carbon-rich intervals and light, homogeneous to intensely bioturbated, clay-rich intervals. Volcanic ash layers are common, with a maximum occurrence in the section dated between 0.9 and 0.3 Ma (Ingle, Suyehiro, 
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Deep-water circulation Figure 2 . Scheme of modern surface-and deep-water circulation in the Sea of Japan (from Ingle, Suyehiro, von Breymann, et al., 1990; after Ingle, 1975; Matoba, 1984) .
von Breymann, et al., 1990) . Based on shipboard paleomagnetic and microfossil data (Ingle, Suyehiro, von Breymann, et al., 1990) , the average sedimentation rate of the entire sequence at Site 798 is about 12 cm/k.y.
Site 799 (39.22°N, 133.87°E; water depth, 2073 m) was drilled in the Kita-Yamato Trough, a narrow sediment-filled graben within the much larger Yamato Rise in the South-Central Japan Sea (Fig. 1) . The total depth of penetration was 1147.1 m below seafloor (mbsf). Sediments are of early Miocene to Holocene age and consist predominantly of diatomaceous ooze/clay, silty clay, clay, siliceous clay stone, and Porcellanite with common turbidites and slumps and authigenic carbonate (Ingle, Suyehiro, von Breymann, et al., 1990) . Ash layers occur throughout the entire sediment sequence, with the maximum occurrence in the upper 100 m. The middle and upper Miocene deposits in the Kita-Yamato Trough are dominated by laminated, organic-matter-rich siliceous claystones with authigenic dolomites. Diagenetic opal-A/opal-CT/authigenic quartz boundaries are well defined in this interval (Ingle, Suyehiro, von Breymann, et al., 1990) . In the upper 468 m (i.e., last about 6.5 Ma) at Site 799, the sedimentation rate varies between about 2 and 13 cm/k.y. with an average of approximately 7 cm/k.y., as based on shipboard paleomagnetic data (Ingle, Suyehiro, von Breymann, et al., 1990) . For the lower part of the sequence of Site 799 (i.e., Hole 799B), no sedimentation rates were calculated because only weak stratigraphic data were available.
METHODS
Organic carbon and total nitrogen were determined using a Heraeus CHN analyzer. Rock-Eval pyrolysis was performed according to the method described by Espitalié et al. (1977) . Microscopy analysis of kerogen using polished, epoxy-impregnated blocks of undisturbed sediment made it possible to look at small-scale variations («1 mm). The macerals were classified according to the nomenclature described by Stach et al. (1982) and Hutton et al. (1980) . Mass accumulation rates of total organic carbon were calculated according to van Andel et al. (1975) using physical-property data from Ingle, Suyehiro, von Breymann et al. (1990) , as follows:
where MARTOC = mass accumulation rate of total organic carbon (g/cm 2 /k.y.), TOC = total organic carbon (wt%), LSR = linear sedimentation rate (cm/k.y.), WBD = wet-bulk density (g/cm 3 ), and PO = porosity (%).
Surface-water productivity was estimated with the following equations:
where PP = paleoproductivity (g C/m 2 /yr), C = (marine) organic carbon (wt%), WBD = wet-bulk density (g/cm 3 ), PO = porosity (%), LSR = linear sedimentation rate (cm/k.y.), and DEP = paleo-water depth of the seafloor (m). This formula is based on the relationship among the organic carbon accumulation rate in surface sediments, sedimentation rate, water depth, and measured (recent) surface-water productivity in oxic environments (Stein, 1986, based on Muller and Suess, 1979; Betzer et al., 1984) . This means that equation (2) cannot be used to estimate productivity in anoxic environments such as those typical for the modern Black Sea and which may have occurred in the past in the Sea of Japan. For anoxic environments, Bralower and Thierstein (1984) suggested that at least 2% of the primary organic carbon is preserved in the sediments, based on a comparison of the accumulation rate of (marine) organic carbon and primary productivity in recent anoxic environments. They derived the following equation for estimating paleoproductivity in anoxic environments:
For discussion of these productivity equations and limits of application, see Stein (1986 Stein ( , 1991 .
RESULTS
Quantity of Organic Carbon
The entire sequence of Pliocene to Quaternary sediments from Site 798 is characterized by high TOC values that are distinctly higher than those recorded in normal open-marine environments. Most of the values range between about 1% and 5% (Fig. 3 and Appendix) . Maximum values of 3% to 5% are concentrated in the intervals between 80 and 120 mbsf and below 500 mbsf. High-amplitude variations in organic carbon contents are typical of the upper 140 m of the sediment sequence at Site 798.
At Site 799, organic carbon values are also high and vary between 0.5% and 6% in the Miocene to Quaternary sediment sequence ( Fig. 4 ; data listed in Ingle, Suyehiro, von Breymann, et al., 1990) . Maximum organic carbon values of 3% to 6% are concentrated in the upper middle to upper Miocene, whereas in the Pliocene-Pleistocene interval lower values of 0.5% to 1.8% are typical. However, single organic carbon spikes of 3% to 5% also occur during the latter interval (Fig. 4) .
To interpret the organic carbon data in terms of changes in flux, percentage values were transformed into accumulation rates. Accumulation rates have not been calculated for Site 799 because of the significant occurrence of turbidites and slumps (Ingle, Suyehiro, von Breymann, et al., 1990) . At Site 798, accumulation rates of organic carbon vary generally between 0.05 and 0.5 g C/cm 2 /k.y. (Fig. 5 ; Stein, 1991) . The record can be divided into three intervals; the lowermost Pliocene (about 4.6 to 5 Ma) and upper Pliocene/Pleistocene (i.e., the last 2.4 Ma) intervals are characterized by high-amplitude variations between 0.1 and 0.6 g C/cm 2 /k.y., whereas the inter-calated interval (2.4 to 4.6 Ma) displays reduced accumulation rates of about 0.05 to 0.15 g C/cm 2 /k.y.
Composition of Organic Matter
Data on organic carbon composition presented here are results mainly from elemental analyses (carbon/nitrogen ratios), Rock-Eval pyrolysis (hydrogen and oxygen index values), and kerogen microscopy data (for gas chromatography (GC) and gas chromatography/ mass spectrometry (GC/MS) data see Lichtfouse et al., this volume) .
At Site 798, most of the C/N ratios vary between 5 and 12 ( Fig. 3) , suggesting a mixed marine/terrigenous type of organic matter with the marine proportion dominant. In several samples from the lower Pleistocene and mid-Pliocene intervals, the high nitrogen contents of 0.3% to 0.5% and organic carbon contents of 0.5% to 2.5% result in very low C/N ratios of 2 to 5 (Fig. 3) . The occurrence of these values as single spikes throughout the two intervals suggests a different primary composition for the organic matter (or an increased content of inorganic nitrogen) rather than diagenetic alteration. Near the bottom of Site 798 (i.e., in the lower Pliocene), maxima in organic carbon contents coincide with increased C/N ratios of about 15 (Fig. 3 ) that may indicate some higher amounts of terrigenous organic carbon.
Hydrogen index values vary between 100 and 600 mg HC/g C OIg in the sediments from Site 798 (Figs. 3 and 6A), which supports the C/N data and indicates a mixture between marine and terrigenous organic carbon, with the marine proportion dominant in most of the samples. The unusually high oxygen index values measured on samples from Hole 798A may result from significant amounts of labile organic matter (e.g., sugars, proteins) still present in the immature sediments of the upper about 100 m of the sequence (cf. . In carbonaterich samples, CO 2 generated from carbonate during pyrolysis may have also caused increased oxygen indices. The first results of kerogen microscopy performed on selected sediment samples from Hole 798A also support the predominance of marine organic matter. The dominant maceral is alginite; well-preserved, yellow to yellowish green fluorescing bodies of Tasmanales-type algae and yellowish orange to yellow fluorescing laminae (lamalginite) are typical.
At Site 799 most of the C/N ratios vary between 5 and 20, with some single spikes of up to 30 (Fig. 4) . In the Pliocene-Pleistocene interval, C/N ratios of about 10 are dominant, whereas in the Miocene interval higher C/N ratios of about 15 are typical, suggesting that significant amounts of terrigenous organic carbon were deposited during the latter time interval. In general, however, marine organic carbon seems to be the major carbon fraction at Site 799, too. Results of Rock-Eval pyrolysis display hydrogen and oxygen index values similar to those recorded for Hole 798B (Fig. 6B ). Hydrogen index values are relatively high; most of the values vary between 200 and 500 mg HC/g C, supporting the dominance of marine organic matter, especially in the Miocene interval (Fig. 4) . Lower hydrogen index values of 50 to 150 mg HC/g C measured in a few samples indicate that significant amounts of terrigenous organic carbon may also occur. More analyses are necessary before a more detailed interpretation of the changes in organic carbon composition throughout the entire sediment sequence is possible.
By comparing the Rock-Eval data from Sites 798 and 799 with a diagram of the correlation between hydrogen index values and maceral composition based on data from the Deep Sea Drilling Project (DSDP) , rough estimates of marine organic carbon are possible; the values vary between about 20% and 80%, with the values dominantly between 50% and 80%.
Maturity of Organic Matter
Based on the hydrogen and oxygen index values (i.e., the position of the data points in van Krevelen-type diagrams; Figs. 6A and 6B) and the low temperatures of maximum pyrolysis yield (T max values of 378° to 428° C; Stein, 1991) , the organic carbon deposited at Sites 798 and 799 is still immature.
DISCUSSION
According to the C/N ratios, hydrogen indices, and initial maceral data (see the preceding), the organic carbon fraction at Sites 798 and 799 is characterized by high amounts of marine organic material. The accumulation of major amounts of marine organic carbon requires special environmental conditions such as increased surface-water productivity, increased preservation rate of organic matter under anoxic conditions, and/or rapid burial of organic matter by turbidites, which also enhances the preservation of organic carbon (e.g., Demaison and Moore, 1980; Tissot et al., 1980; Stein, 1991) .
Because high organic carbon values were recorded throughout the entire sediment sequences at Sites 798 and 799, rapid burial by turbidites that might have occurred occasionally at Site 798 and certainly more often at Site 799 (Ingle, Suyehiro, von Breymann, et al., 1990 ) cannot be regarded as the dominant mechanism controlling the general enrichment in organic carbon. Increased preservation in turbidites may explain only single events or short-lived intervals of organic carbon enrichment. For example, the lower Pliocene sediments recovered at Site 798 that are characterized by an increased terrigenous organic carbon content and maximum accumulation rates (Figs. 3 and 5) are also rich in siliciclastic coarse-grained detritus including glauconite and quartz turbiditic sands (Ingle, Suyehiro, von Breymann, et al., 1990) . In this case, organic carbon enrichment may have been caused by rapid burial (and thus an increased preservation rate) of the organic matter in the turbidites (which implies that the uplift of Oki Ridge occurred after that time, i.e., during the late Pliocene/Pleistocene; Ingle, Suyehiro, von Breymann, et al., 1990) . In general, however, high surface-water productivity and/or an increased preservation rate under anoxic conditions should have caused mainly (marine) organic carbon accumulation at Site 799 and, especially, at Site 798. Furthermore, the long-term changes in organic carbon deposition are certainly influenced by the tectonic evolution of the Japan Sea.
Suggesting that about 50% to 80% of the organic carbon is of marine origin (see the preceding) implies that the accumulation rate of marine organic carbon at Site 798 varies between about 0.05 and 0.4 g C/cm 2 /k.y.; these values are similar to those recorded in the high-productivity upwelling area off Northwest Africa (Stein, ten Haven, et al., 1989; Stein, 1991) . Although accumulation rates have not been calculated for Site 799 because of the occurrence of turbidites and slumps and a still highly preliminary stratigraphy (Ingle, Suyehiro, von Breymann, et al., 1990) , the average sedimentation rates (and thus also accumulation rates of marine organic carbon) are definitely also high at this site.
According to smear slide analyses and X-ray-diffraction (XRD) measurements, the sediments at Sites 798 and 799 contain high amounts of diatoms and sponge spicules (opal-A), opal-CT, or authi- genie quartz; the major lithologies are diatomaceous ooze/clay, siliceous claystone, and Porcellanite (Ingle, Suyehiro, von Breymann, et al., 1990) . These types of sediment also indicate an environment of high-surface-water productivity (e.g., Isaacs et al., 1983; Berger et al., 1989; Bohrmann and Stein, 1989) . Based on smear slide and X-ray-fluorescence data from the Site 798 sediments, the accumulation rates of opal were estimated semiquantitatively to reach maximum values of 3 to 8 g/cm 2 /k.y. at approximately 2.2 to 2.5 Ma (Ingle, Suyehiro, von Breymann, et al., 1990) . These rates are similar to those determined for the modern high-productivity upwelling environment off Peru (Scheidegger and Krissek, 1983) .
At Site 798, the distinct increase in the accumulation rates of (marine) organic carbon and biogenic opal content near 2.4 Ma ( Fig. 5 ; Stein, 1991) is interpreted as the result of an increase in surface-water productivity. This increase in productivity is paralleled by a climate-controlled increase in eolian quartz supply (Dersch and Stein, this volume), both of which were triggered by the development of major Northern Hemisphere glaciation (e.g., Shackleton et al., 1984) , which has probably resulted in intensified atmospheric and oceanic circulation (causing increased nutrient supply to the ocean surface) and aridification in Asia. Similar changes have also been recorded in other parts of the global ocean, such as the tropical/subtropical Atlantic (e.g., Stein, 1985a Stein, , 1985b Ruddiman and Janecek, 1989) .
To estimate the surface-water paleoproductivity more quantitatively, equation (2) (see "Methods" section) was used. The calculated values vary between about 110 and 260 g C/m 2 /yr at the Site 798 position (Table 1) . These values are similar to those calculated for sediments from the upwelling area off Northwest Africa (Muller et al., 1983; Sarnthein et al., 1987; Stein, 1991) . The Japan Sea values, however, should be used with caution because equation (2) is based on data derived from open-ocean (sub-) oxic environments (cf. Stein, 1986) . If anoxic conditions are assumed, distinct (marine) organic carbon enrichments of 4% can be reached even though productivity remains relatively low (150 g C/m 2 /yr, using equation (3); Table 1 ). Based on the relationship between organic carbon content and (pyritic) sulfur (Leventhal, 1983; Berner, 1984 Berner, , 1989 , these anoxic deepwater conditions should have occurred at least occasionally in the Japan Sea during Miocene to Quaternary times (Ingle, Suyehiro, von Breymann, et al., 1990; Stein, 1991) . This interpretation is in agreement with results from DSDP Leg 31 and piston-core data (Ujiie and Ichikura, 1973; Ingle, 1975; Oba, 1983; Oba et al., 1991) .
A key to deciphering the factors causing the organic carbon enrichments at Site 798 (i.e., high productivity vs. high preservation vs. high terrigenous input) might lie in a detailed investigation of the remarkable dark/light cycles preserved in the Quaternary sediments at this site ( Fig. 7 ; Ingle, Suyehiro, von Breymann, et al., 1990) . In general, the dark intervals are finely laminated and characterized by increased organic carbon contents of up to 6%, whereas the lighter intervals are homogeneous or bioturbated and display organic carbon contents of about 2%. The thickness of these cycles varies between 10 and 100 cm, which corresponds to periods of about 1000 to 12,000 yr (based on mean sedimentation rates). This means these cycles have periods distinctly lower than those of the Milankovitch-type cycles.
Several of the dark/light cycles have been investigated in more detail for their organic carbon and carbonate contents as well as hydrogen and oxygen indices (Table 2) . Detailed kerogen microscopy study on these cycles is in progress (R. Stax, unpubl. data). Although marine organic matter is probably the major fraction of the organic matter in most of the samples investigated, varying hydrogen index values of 100 to 400 mg HC/g C indicate that the composition of the organic matter changes throughout a cycle ( Fig. 8 and Table 2 ). In general, hydrogen values are higher in the darker, more organiccarbon-rich part of the cycles than in the lighter part, suggesting increased preservation (or production) of marine organic matter in the dark intervals. The higher oxygen index values typical of the light intervals (Fig. 8 ) may also point to stronger oxidation/degradation of the organic matter (cf. Herbin et al., 1982) . The C/N ratios (Table 2) do not display any distinct difference between the lithologies. GC and GC/MS data produced from a few samples selected from the light and dark intervals are also highly similar (Lichtfouse et al., this volume).
For one cycle (Section 128-798B-10H-7), some detailed data are available, including carbonate, organic carbon, and biogenic opal contents and hydrogen and oxygen indices (Figs. 8 and 9 ) as well as XRD data (Stein, 1991; Dersch and Stein, this volume) . Based on these results, a possible interpretation of the organic carbon enrichment for this specific cycle is as follows.
In the lower part of the cycle, the dark, laminated sediments are characterized by increasing contents of carbonate and biogenic opal and a high marine organic carbon content (Fig. 9) , which may suggest increased productivity and increased organic carbon flux. If the oxygen demand for the oxidation of organic matter exceeds the Table 1 ).
oxygen supply, anoxic conditions occur in the water column, which enhances the preservation of organic matter in the sediment. These conditions may have already developed before times of maximum productivity. In the middle part, carbonate content and (less distinctly) biogenic opal content decrease, whereas the marine organic carbon content remains high. This may reflect decreasing productivity, whereas the preservation rate of organic carbon remained high under anoxic deep-water conditions. These anoxic conditions may have occurred during times of lowered sea level when the Japan Sea was more restricted from the open Pacific Ocean and the oceanic circulation and ventilation of the deep-water sphere in the Japan Sea were distinctly reduced (cf. Oba, 1983; Oba et al., 1991) .
In the upper light part of the cycle, the marine organic carbon content and hydrogen index values also decrease ( Fig. 9 and Table 2), indicating the development of more oxidizing conditions in the Japan Sea during times of higher sea level, reestablishment of the connection to the Pacific Ocean, and intensification of oceanic circulation (cf. Oba, 1983; Oba et al., 1991) .
For detailed paleoenvironmental reconstructions, stable oxygen isotope data (for correlation with global climate, i.e., glacial/interglacial or low/high sea-level conditions) as well as accumulation rates for the different variables calculated separately for glacial and interglacial intervals are absolutely necessary. Furthermore, results of shipboard as well as shore-based studies of the Leg 127 and 128 sediments (e.g., Ingle, Suyehiro, von Breymann, et al., 1990; Tamaki, Pisciotto, Allan, et al., 1990; Föllmi et al., this volume; Lichtfouse et al., this volume) indicate that these remarkable dark/light cycles are very different in lithologic detail, which suggests that different paleoenvironmental situations caused the various cycles. Thus, the explanation given previously for the cycle in Section 128-798B-10H-7 cannot be used as a general model. Information from a large number of cycles is required before a more precise reconstruction of the depositional environment is possible. It is hoped that this information will result from a planned multidisciplinary study of the dark/light cycles (K. Föllmi et al., unpubl. data; R. Stax, unpubl. data) .
CONCLUSIONS
Results of organic geochemical and sedimentological investigations yielded information about the depositional and paleoceanographic evolution of the Japan Sea during Miocene to Quaternary times.
1. The sediments from Sites 798 and 799 are characterized by high amounts of organic carbon, ranging between 0.5% and 6%. Accumulation rates of up to 0.4 g C/cm 2 /k.y. were calculated for the Site 798 sediments. The organic matter is a mixture of marine and terrigenous organic compounds, with the marine proportion dominant in the majority of the sequences.
2. Dominant mechanisms controlling the (marine) organic carbon enrichment are probably high-surface-water productivity and increased preservation rates under anoxic deep-water conditions. jk. Figure 9 . Carbonate, total organic carbon, and biogenic opal contents in the dark/light cycle in Section 128-798B-10H-7. Biogenic opal from R. Dunbar (unpubl. data).
3. In the uppermost lower Pliocene sediments at Site 798 and the Quaternary to Miocene sediments at Site 799, rapid burial of organic carbon in turbidites may have occurred episodically.
4. Remarkable cycles of dark, laminated sediments with a maximum organic carbon content of more than 5% and light, bioturbated or homogeneous sediments with lower organic carbon contents indicate dramatic short-term paleoceanographic variations, which were most highly developed during middle/late Pleistocene times. First comparison of the carbonate, opal, and organic carbon data suggests that a succession of anoxic and high-productivity conditions to anoxic and reduced-productivity conditions to oxic conditions caused some of the cycles at Site 798.
5. More detailed records of the accumulation rates of marine and terrigenous organic carbon, carbonate, and biogenic opal and the correlation with oxygen stable isotopes (i.e., the correlation with glacial/interglacial and low/high-sea-level cycles) are necessary for a more precise and complete reconstruction of the environmental history of the Japan Sea.
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